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(g) Electrochemical cell employing solid polymer electrolyte. 



® eJprSf fiV'^^K* employing solid polymer 
eectrolyte [4] having a five-layered sandwich 
structure, cathode collector, cathode [31 ion 

7.?^r f^L^^®""^'®^ applying forces to the 
^L K^^^T "^^'^""i tightening 
plates [1]. Smce no heat treatment is required 
for assemblmg the electrochemical ceil the 
distortion or the like produced due to the heat is 
not generated. 



FIG. 3 
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Background of the Invention 

The present invention relates to an improvennent 
of such an cell as a fuel cell employing solid polymer 
electrolyte and a chemical sensor. 

An electrochemical cell, for example, a fuel cell 
employing solid polymer electrolyte attracts attention 
as an electric power source of an electric automobile 
and a spacecraft because it can produce high electric 
power density. In the developments of this field, va- 
rious electrode structures, methods of preparing cat- 
alysts and system architectures have been proposed. 

A conventional fuel cell has a five-layered sand- 
wich structure consisting of a cur rent collectoj: of 
catho da^A / a cathode B / a solid pgTymer electrolyt e 
( Ion exchange membrane) C I an anode D /.a^cuiit ent 
collec tor of anode E as shown in Fig. 1^ A hotpressing 
TnefTTodTor a sintering method may be employed for 
constituting the above structure This structure is ob- 
tained by -® bonding the cathode B and the anode 
D to both sides of the ion exchange membrane C and 
then bonding the current collector of cathode A and 
the current collector of cathode E to the outer faces 
; ofithe^cathode B and the anode D, respectively, by 
J n^^^ hotpressing or the like, or by --(D bonding 

. f the\ cathode B to the current collector of cathode A, 
; vahd the anode D to the current collector of anode E 
^ :by mearis of the hotpressing or the sintering and fur- 
ther bonding the both assembled electrodes to both 
■sides of the ion exchange membrane C by means of 
the; hotpressing or the sintering. A similar structure 
ihas been emjaloyed in an electrolytic ce^ll for electro- 
lyzing water and a chemical sensor. , 

However, the method -® of the two methods 
has the drawbacks that a crack is likely to be pro- 
duced on the electrode because the ion exchange 
membrane is expanded and contracted depending on 
water content so that the handling thereof is rather 
difficult and that the ion exchange membrane is re- 
quired to be thermostable because it is exposed to a 
high temperature during the hotpressing. The method 
-(2) has also the drawbacks that the two bond proc- 
esses between the cathode or the anode and its cur- 
rent collector and between the assembled electrodes 
and the ion exchange membrane are required to in- 
crease the number of steps of the hotpressing sothat 
the ion exchange membrane which may be exposed 
to a high temperature with high probabilities is re- 
quired to have higher thermostabilities and that the 
anode and the cathode are likely to be peeled off due 
to the expansion and the contraction of the ion ex- 
change membrane during the storage. 

An expensive perfluorocarbon ion exchange 
membrane is ordinarily employed as the above ion 
exchange membrane because a Usual hydrocarbon 
ion exchange membrane may be deteriorated due to 
a high temperature during the hotpressing or the sin- 
tering. Accordingly, it may be suggested that the em- 



ployment of the expensive perfluorocarbon ion ex- 
change membrane is unnecessary unless the hot- 
pressing or the sintering is conducted. 

5 Summary of the Invention 

An object of the present invention is to provide an 
electrochemical cell employing solid polymer electro- 
lyte which essentially possesses a five-layered struc- 
10 ture. 

Another object of the invention is to provide an 
electrochemical cell employing solid polymer electro- 
lyte which may permit the employment of an inexpen- 
sive hydrocarbon ion exchange membrane by obviat- 

15 ing such a procedure as hotpressing. 

The present invention is an electrochemical cell 
employing solid polymer electrolyte having a five 
layered sandwich structure comprising a current col- 
lector of cathode / a cathode / an on exchange mem- 

20 brane / an anode / a current collector of anode 
layered in this turn which is assembled by applying 
the respective inner forces to a pair of tightening 
plates located outside of the both current collectors. 
Since the electrochemical ceir having this struc- 

25 ture can be easily assembled because the hotpress- 
ing or the sintering is not employed in the bonding of 
the ion exchange membrane but onjy the tightening 
by means of bolts or the (ike is employed, the efficien- 
cy of the assembling is remarkably increased. Fur- 

30 ther, no deterioration of th^ ion exchange membrane 
due to the heat occurs so that an inexpensive hydro- 
carbon ion exchange membrane which is not stable to 
heat can be employed as an ion exchange membrane 
of the present invention. Since, moreover, the ion ex- 

35 change membrane, the anode and the cathodo may 
be separately stored before the assembling, no dis- 
tortion between the ion exchange membrane and the 
anode and between the membrane and the cathode 
is generated to produce the peel-off. 

40 The electrochemical cell having the these advan- 

tages in accordance with the present invention which 
possesses the same or similar performance com- 
pared with that of a conventional electrochemical cell 
manufactured by the hotpressing and overcomes the 

45 drawbacks of the hotpressing method is epoch-mak- 
ing. 

If the tightening force at time of assembling the 
cell is insufficient, the respective members are not 
sufficiently contacted with each other so that the re- 

50 sistance is increased. Even if, on the other hand, the 
tightening force is made so large, the resistance can- 
not be excessively lowered even though the exces- 
sive load crushes the respective members. The desir- 
able range of the tightening force is between 10 and 

55 500 kg/cm2. 

When the membrane thickness is between 5 and 
20 ^m, the cell characteristics may be realized with 
the maximum efficiencies. However, in the conven- 
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tional cell prepared by the hotpressing. the mem- 
brane having the above thickness may be liable to be 
damaged during the hotpressing or the storage. On 
the other hand, the electrochemical cell of the inven- 
tion with the above identified structure having the 
membrane thickness of 5 to 20 \xtr\ is resistant to the 
damage and its characteristics may be effectively util- 
ized. 

The present invention may be applied not only to 
a single cell as shown in Fig. 3 mentioned below but 
also to a plurality of stacked cell. 

Brief Description of the Drawings 

Fig.1 is a schematic sectional view showing an 
electrode structure of a conventional fuel cell; 
Fig.2 is a broken elevational view exemplifying a 
layered state of an electrochemical cell in accor- 
dance with the present Invention before the as- 
sembling; 

Fig.3 is an elevational view of the cell of Fig. 2 af- 
ter the assembling; 

Fig.4 is a graph showing the relation between a 
degree of bolt rotation and a resistance of the cell 
at the time of the assembling of the electrochem- 
ical cell by means of the bolt tightening. 
Fig. 5 is a graph showing the relation between the 
logarithm of currents and volts of Example 1 and 
Comparative Example 1. 

Detailed Description of the Invention 

Although a current collector or an ion exchange 
membrane and an electrode (a cathode or an anodo) 
are assembled by hot pressing or sintering in a con- 
ventional five-layered sandwich structure, the hot- 
pressing and the like contemplate not only the mere 
assembling but also the decrease of a contact resis- 
tance by smoothing the contact of the interfaces be- 
tween the current collector and the electrode and be- 
tween the electrode and the ion exchange mem- 
brane. 

The present invention is characterized by the fact 
that the assembling of the members and the de- 
crease of the contact resistance by means of the con- 
ventional hotpressing is realized by the tightening by 
means of tightening plates located on both sides of 
the layered members so that the employment of a 
thermostable ion exchange membrane which is a 
drawback of the hotpressing method is unnecessary. 

The ion exchange membrane employed in the 
electrochemical cell of the present invention may be 
any ion exchange membrane having an ion exchange 
group and, for example, a thermostable perf luorocar- 
bon ion exchange membrane having a carboxylic acid 
or a sulfonic acid group and a non-thermos table hy- 
drocarbon ion exchange membrane having a carbox- 
ylic acid or a sulfonic acid group can be employed. 

/ 



As catalyst particles constituting the anode and 
the cathode, conventional particles prepared by ap- 
plying such a catalyst metal as platinum on carbon 
powder may be employed without further modifica- 
5 tion. All the particles are not necessarily required to 
have the supported catalyst, and the mixture of the 
catalyst-supported particles and the catalyst-non- 
supported particles may be employed. Further, the 
electrode catalyst particles may be desirably coated 

10 with ion exchange resin to elevate the affinity with 
the ion exchange membrane. 

The current collector is not especially restricted, 
and a carbon sheet, a sintered sheet of metal partic- 
les or a carbon or metal mesh or the like may be pre- 

15 ferably employed. The current collector and the cat- 
alyst electrode are desirably assembled by means of 
hotpressing or cold pressing prior to the tightening. 

As mentioned earlier, the respective members 
are layered in the turn ofthe current collector of cat h- 

2G ode / ths cathGde / the ion exchange mem- 
brane / the anode / the current collector of anode and 
are tightened and assembled by means of the tight- 
ening plates located on both sides. A bolt penetrating 
the both tightening plates and the ion exchange 

25 membrane is desirably employed for the tightening, . 
and in addition to this, the cell tightening pressure 
may be applied with an elastic member such as a 
spring or a rubber bush. 

If the tightening force is weak, the respective 

30 members are not sufficiently contacted with each 
other so that the resistance value is not amply de- 
creased. If, on the other hand, the tightening force is 
excessively large, the destruction of the members are 
meaninglessly liable to occur. The desirable range of 

35 the tightening force is 10 to 500 kg/cm^unit electrode 
surface area. This tightening force corresponds to 
one which makes the original thickness of the five- 
layered sandwich structure to the contracted thick- 
ness of 90 to 65 % of the original. The resistance val- 

40 ue thereof is less than 1.5 times of the summed val- 
ues of those ofthe ion exchange membrane and the 
electrode members. 

Since the electrochemical cell having this struc- 
ture in accordance with the present invention does 

45 not employ the hotpressing and the sintering in the 
bonding of the ion exchange membrane, no deterior- 
ation of the ion exchange membrane due to the heat 
occurs so that the inexpensive hydrocarbon ion 
exchange membrane which is not stable to heat can 

50 be employed. Further, the effective assembling ofthe 
cell can be attained because the assembling may be 
completed only by the tightening to decrease the 
number of steps. Since, moreover, the ion exchange 
membrane and the electrodes may be separately 

55 stored before the assembling, no distortion between 
the ion exchange membrane and the anode and be- 
tween the membrane and the cathode is generated 
to produce the peel-off. The electrochemical cell hav- 

3 
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ing the these advantages of the invention possesses 
the sanne or similar characteristics compared with 
thoso of an electrochemical ceil manufactured by the 
hotpressing. 

Referring to Fig.2, an electrochemical cell is com- 5 
posed of a tightening plate for cathode 1, a current 
collector for cathode 2, a cathode 3, an ion exchange 
membrane 4, an anode 5, a current collector for 
anode 6 and a tightening plate for anode 7 layered in 
this turn from the left side in Fig.2. The current col- io 
lector for cathode 2 and the cathode 3, and the cur- 
rent collector for anode 6 and the anode 5 are assem- 
bled in advance. A plurality of concave surfaces 8 are 
formed on the respective surfaces of the a tightening 
plate for cathode 1 and the tightening plate for anode 15 
7 facing to the respective electrodes 2 and 6, and four 
bolt apertures 9 are formed through the four corners 
of the respective portions of the both tightening 
plates 1 and 7. Bolts 10 are inserted through the bolt 
apertures 9 of which other ends are tightened with 20 
nuts 1 1 to assemble and firmly adhere the current col- 
lector for cathode 2, the cathode 3, thejon exchange 
membrane 4\ the anode 5 and the current collector for 
anode 6. Sealing materiar 12 is filled up to prevent gas 
leakage. 25 

Examples 



Although Examples of the the present invention 
will be described, these Examples are not construed 
to limit the invention. 

Example 1 



30 



ed to the respective sides of a perf luorocarbon ion ex- 
change membrane, Naf ion® (made by Du Pont), hav- 
ing bolt apertures at the four corners and having a di- 
ameter of 30 mm and a thickness of 150 |im, and a 
pair of tightening plates made by brass having a 
height of 5 cm, a width of 5 cm and a thickness of 10 
mm and having many concaves on an inner surface 
and bolt apertures at the four corners was located 
outside of the electrodes. An electrochemical celt was 
assembled by inserting bolts (1 pitch - 0. 8 mm) 
through the bolt apertures at the four corners of the 
tightening plates and tightening the ends of the bolts 
with nuts. 

In this stage, the relation between the degree of 
rotation of the bolts and the resistance of the electro- 
chemical cell was measured while changing the de- 
gree of rotation of the tightening to vary the tightening 
strength. The results were shown in a graph of Fig.4. 
It can be seen from this graph that the resistance is 
sufficiently lowered and the respective members are 
adhered to and assembled with each other from the 
point of which rotation is 8.6. The tightening pressure 
of the cell is 20 kg/cm2. 

The characteristics of this electrochemical cell 
were evaluated by measuring its cur rent- voltage re- 
lation under the fblldwing conditions. Supply gases to 
the anode arid the cathode were wetted hydrogen 
and non-wetted oxygen, respectively, and the relation 
between the logarithm of [R free current density 
(mA/cm2) ande an obtained voltage (mV) was meas- 
ured. The results are shown in Fig.5. 

Comparative Example 1 



After 1 0 g of carbon powder was impregnated in 35 
an aqueous solution of chloroplatinic acid (platinum 
concentration: 150 g/liter), it was thermally treated to 
obtain a platinum carbon catalyst of which a support- 
ed platinum amount was 30 % in weight The carbon 
catalyst was immersed in a commercially available 4o 
ion exchange resin dispersion solution (Naf ion® sol- 
ution), and dried so that an ion exchange resin layer 
was formed on the surface of the catalyst. The cata- 
lyst powder was fractionated to obtain the powder 
having an average supported platinum amount of 0.3 45 
mg/cm2 and the fractionated powder was redispersed 
in alcohol. 

After this dispersion solution was filtered under 
weak suction to adhere the above catalyst powder on 
a filter paper of which a diameter was 50 mm while re- so 
maining a small amount of the alcohol on the filter pa- 
per, the filter paper was hotpressed at a temperature 
of 130 °C and a pressure of 5 kg/cm^ with a hydro- 
phobically treated carbon paper functioning as a cur- 
rent collector to prepare an electrode equipped with 55 
the current collector having an anode or a cathode on 
the opposite side. 

The two electrodes thus prepared were contact- 



The ion exchange membrane was located be- 
tween the anode and the cathode equipped with cur- 
rent collectors of Example 1 and was hotpressed at a 
temperature of 1 30 ''C and a pressure of 5 kg/cm^ to 
constitute an electrochemical cell. 

The characteristics of this electrochemical cell 
were evaluated by measuring its current-voltage re- 
lation in accordance with the same procedures as 
those of Example 1. The results are shown in Fig,5. 

It can be seen that the relations of cur rent- vol- 
tage of the both cells are substantially identical 
judged from the graph of Fig.5 and the electrochem- 
ical ceil prepared by the tightening method of Exam- 
ple 1 has the substantially same characteristic as 
those of the cell prepared by the hotpress method in 
this Comparative Example. 

Example 2 and Comparative Example 2 

An electrochemical cell was assembled by the 
same procedures as those of Example 1 except that 
a hydrocarbon ion exchange membrane having an 
EW value of 900 was employed as an ion exchange 
membrane (Example 2). 
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On the other hand, an electrochemical ceil was 
assembled by the same procedures as those of Com- 
parative Example 1 except that the hydrocarbon Ion 
exchange membrane of Example 2 was employed 
(Comparative Example 2) 5 

Cell resistance values measured by a current in- 
terrupter method were 0.1 Q.cm^ (Example 2) and 0.3 
Q.cm2 (Comparative Example 2). When the same hy- 
drocarbon ion exchange membrane having less ther- 
mostabilities was employed, the deterioration of the io 
cell assembled by the tightening method of Example 
2 was lesser than that of the cell prepared by the hot- 
press method and the IR loss of the cell of Example 
2 was smaller. 

15 

Claims 

1. In an electrochemical cell employing solid poly- 
mer e!ectro!yte having a five-layered sandwich 2G 
structure comprising a current collector of cath- 
ode / a cathode / an ion exchange mem- 
brane / an anode / a current collector of anode 
layered in this turn which is assembled by apply- 
ing the respective inner forces to a pair of tight- 25 
ening plates located outside of the both current 
collectors, the ion exchange membrane prior to 
tightening is not bonded to either or the both of 

the ion exchange membrane. 

30 

2. The electrochemical cell as claimed in Claim 1 , 
wherein the inner forces are between 10 and 500 
kg/cm2. 

3. The electrochemical cell as claimed in Claim 1 , 35 
wherein the thickness of the membrane is be- 
tween 5 and 20 lam. 



40 



45 



50 



55 
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